Poly(Vinylidene Fluoride) (PVDF) and Nylon 66 (PA66) Membranes Applied the Process of Gas Separation  by Duarte, J. et al.
 Procedia Engineering  44 ( 2012 )  1146 – 1149 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.08.707 
(XURPHPEUDQH&RQIHUHQFH
>3@
3RO\YLQ\OLGHQHIOXRULGH39')DQGQ\ORQ3$PHPEUDQHVDSSOLHGWKHSURFHVVRI
JDVVHSDUDWLRQ
-'XDUWH&&&KHUXELQL9GRV6DQWRV$6FKQHLGHU0=HQL
&D[LDVGR6XO8QLYHUVLW\%UD]LO5HJLRQ-RLQYLOOH8QLYHUVLW\%UD]LO
,QWURGXFWLRQ7KHXVHRIPHPEUDQHVLQVHSDUDWLRQSURFHVVHVLVJURZLQJDWDVORZEXWVWHDG\
UDWH%DNHULQHVWLPDWHGWKHPDUNHWVFDOHRIPHPEUDQHJDVVHSDUDWLRQ*6WHFKQRORJ\LQ
\HDU WREH ILYH WLPHVRI WKDWRI \HDU 7KHJDVVHSDUDWLRQPHPEUDQH LVRQHRI WKH
SURFHVVHVXVHGE\FKHPLFDO LQGXVWULHVEHFDXVH LWKDV ORZHUSRZHUFRQVXPSWLRQ LVFRPSDFW
PRGXODU DQG UHGXFHV JUHHQKRXVH JDVHV $SSOLFDWLRQV RI SRO\PHULF PHPEUDQHV IRU JDV
VHSDUDWLRQDUHXVHGHVSHFLDOO\ WKHRLODUHDVHSDUDWLQJ&2&++221KHOLXPQDWXUDO
JDVDPRQJRWKHUV>@
7KHVHSDUDWLRQSURFHVVLGHDOJDVLVREWDLQHGZKHQWKHUHLVKLJKIOX[DQGVHOHFWLYLW\+RZHYHU
JHQHUDOO\ WKH WZR GR QRW RFFXU VLPXOWDQHRXVO\ LH ZKHQ LW KDV D KLJK SHUPHDELOLW\ IORZ WKH
VHOHFWLYLW\LVORZRUYLFHLVWXUQV
3RO\YLQ\OLGHQHIOXRULGH39')LVDK\GURSKRELFSRO\PHUQRQWR[LFKLJKWKHUPDODQGFKHPLFDO
UHVLVWDQFH7KHVROXELOLW\RI39')LVUHVWULFWHGEHLQJPRUHXVHGWRLWVGLVVROXWLRQVWURQJO\SRODU
VROYHQWV VXFK DV 11¶GLPHWK\OIRUPDPLGH '0) 11¶GLPHWK\ODFHWDPLGH '0$
WHWUDK\GURIXUDQHDQGPHWK\OSLUURO\GRQH103>@
7KHSRO\DPLGH 3$ LVDQHQJLQHHULQJ WKHUPRSODVWLFSRO\PHUVHPLFU\VWDOOLQHZLWKKLJK
PHFKDQLFDO VWUHQJWK FKHPLFDO DQG GLPHQVLRQDO VWDELOLW\ EHLQJ IRUPLF DFLG VROYHQW WKH URRP
WHPSHUDWXUH >@ 3$ PHPEUDQHV DUH DQ H[FHOOHQW EDUULHU WR IXHOV OXEULFDQWV DQG PDQ\
UHIULJHUDQWJDVHV,WLVDPRGHUDWHEDUULHUWR2DQG&2>@
-LDQJHWDO>@GHWHUPLQHGWKHVHOHFWLYLW\RIFDUERQGLR[LGHWRQLWURJHQJDVDQGR[\JHQWRQLWURJHQ
WKURXJK FRPSRVLWH PHPEUDQHV RI SRO\XUHWKDQHSRO\YLQ\OLGHQH IOXRULGH 3839') 7KH
UHVXOWVVKRZVHOHFWLYLW\HTXDOWR&21
7KLV SDSHU DLPV WR SUHVHQW WKH EHKDYLRU RI 3$ >@ DQG 39') PHPEUDQHV IRU VHSDUDWLQJ
JDVHVVXFKDV&21DQG&+ZLWKRWKHUVWXGLHVGHYHORSHGIRUXV

0HWKRGVDQGPDWHULDOV7KHVROXWLRQVZHUHSUHSDUHG IURPSRO\ YLQ\OLGHQH IOXRULGH 39')
62/()6ROYD\6ROH[LV0ZJPRO11
GLPHWK\OIRUPDPLGH'0)IURP0HUFN6$DW
&IRUKDWFRQFHQWUDWLRQVDQGZWRI39')$QGVROXWLRQVRISRO\DPLGH
3$$OID&KHP&R0ZJPRO LQIRUPLFDFLG)$IURP0HUFN6$IRUKDW
DQGZWRI3$FRQFHQWUDWLRQ'LVWLOOHGGHLRQL]HGZDWHUZDVXVHGDVQRQVROYHQWLQWKH
SURFHVVRISKDVHLQYHUVLRQIRUERWKSRO\PHUV
7KH VROXWLRQV 39') DQG 3$ ZHUH PL[HG E\ PDJQHWLF VWLUULQJ WR HQVXUH FRPSOHWH
KRPRJHQL]DWLRQ7KHPHPEUDQHVZHUHSUHSDUHGRQJODVVSODWHVXVLQJDNQLIHRIPPWRWKH
VSUHDGLQJDQGLPPHUVHGLQWKHSUHFLSLWDWLRQEDWKGLVWLOOHGGHLRQL]HGZDWHU7KHILOPUHPDLQHG
LPPHUVHGLQDFRDJXODWLRQEDWKIRUKRXUVDW&IRUDOOPHPEUDQHV
7KHJDVHV WHVWHGZHUH&21DQG&+7KHPHPEUDQHSHUPHDELOLW\ DQGVHOHFWLYLW\ IRUSXUH
JDVHV &2 1 DQG &+ ZHUH GHWHUPLQHG DQG HIIHFWLYH PHPEUDQH DUHD  FP 7KH
SHUPHDELOLW\ ZDV PHDVXUHG DW SUHVVXUHV UDQJLQJ IURP  WR  EDU 7KH IXQGDPHQWDO
SDUDPHWHUVFKDUDFWHUL]LQJJDVVHSDUDWLRQPHPEUDQHVDUHWKHSHUPHDELOLW\FRHIILFLHQW3$DQG
WKHVHOHFWLYLW\Į$% 3$3%>@
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
1147 J. Duarte et al. /  Procedia Engineering  44 ( 2012 )  1146 – 1149 

5HVXOWVDQGGLVFXVVLRQ7KH ILJXUH VKRZV WKH SHUPHDELOLW\RI WKHSXUHJDV &21DQG
&+ WR 39') DQG 3$  DQG  IRU SUHSDUHG PHPEUDQHV 7KH SHUPHDELOLW\ RI WKH
PHPEUDQHV3$%39')&DQG3$'ZHUHJUHDWHU WKDQ39')
PHPEUDQH$$OOPHPEUDQHVZHUHSHUPHDEOHWRJDVHVWHVWHGLQWKHIROORZLQJRUGHURIDIILQLW\
&+!1!&2


)LJXUH3HUPHDELOLW\RI&21DQG&+SUHVVXUHVDQGEDUWRPHPEUDQHV
SUHSDUHGIURP$39')%3$&39')DQG'3$

7KH WDEOH  VKRZV WKH VHOHFWLYLW\ RI WKH PHPEUDQHV WR &21 DQG &2&+ DFFRUGLQJ WR
WKLFNQHVV)RU39')PHPEUDQHV LQGHSHQGHQWRIFRQFHQWUDWLRQ WKHEHVWVHOHFWLYLW\ WR&21
DQG &2&+ ZDV WKH SUHVVXUH RI  EDU ,Q PHPEUDQHV 3$ FRQFHQWUDWLQJ WKH VHOHFWLYLW\
LQFUHDVHGZLWKWKHLQFUHDVHLQSUHVVXUHRIWKHJDVHV&2&+EXWWKHJDVHV&21VHOHFWLYLW\
ZDVJUHDWHUDWDSUHVVXUHRIEDU)RU WKHPHPEUDQH3$WREDUZHREWDLQHGWKH
EHVWUHVXOWVRIVHOHFWLYLW\WR&21DQG&2&+
7KH WKLFNQHVV RI WKH 39') DQG 3$ PHPEUDQHV ZHUH §  DQG  P UHVSHFWLYHO\
&RPSDULQJWKHPHPEUDQHVWKHGLIIHUHQFHLQWKLFNQHVVQR LQIOXHQFHGRQWKHSHUPHDELOLW\
RI JDVHV WHVWHG ERWK ZLWK SHUPHDELOLW\ EHWZHHQ  DQG  %DUUHU VR WKH GLIIHUHQW
YDOXHVRIVHOHFWLYLW\FDQEHUHODWHGWRWKHDIILQLW\RIJDVHVZLWKSRO\PHUVWHVWHG
7KH)LJXUHVKRZVWKHPRUSKRORJ\RI39')PHPEUDQHV$DQG3$%GXHWR
WKHEHWWHUVHOHFWLYLW\WR&21DQG&2&+7KHPHPEUDQHVKDYHVLPLODUPRUSKRORJLHVZLWK
WKHH[FHSWLRQRIWKHIRUPDWLRQRIPDFURYRLGVLQWKH39')DQGPLFURSRUHVLQWKH3$VFWUXWXUH

7DEOH  5HODWLRQVKLS EHWZHHQ WKH VHOHFWLYLW\ DQG WKLFNQHVV RI WKH 39') DQG 3$  DQG
PHPEUDQHVZHUHWHVWHGIRUJDVHV&21DQG&+DWGLIIHUHQWSUHVVXUHV

1148   J. Duarte et al. /  Procedia Engineering  44 ( 2012 )  1146 – 1149 
ɲKϮͬEϮ ɲKϮͬ,ϰ ɲKϮͬEϮ ɲKϮͬ,ϰ
Ϯ Ϭ͕ϳϱ Ϭ͕ϱϰ Ϯ Ϭ͕ϴϱ Ϭ͕ϲϱ
Ϯ͕ϱ Ϭ͕ϳϮ Ϭ͕ϱϰ Ϯ͕ϱ Ϭ͕ϳϭ Ϭ͕ϱϵ
ϯ Ϭ͕ϳϴ Ϭ͕ϱϱ ϯ Ϭ͕ϳϯ Ϭ͕ϲϬ
ϯ͕ϱ Ϭ͕ϳϳ Ϭ͕ϱϱ ϯ͕ϱ Ϭ͕ϴϮ Ϭ͕ϲϯ
ϰ Ϭ͕ϴϮ Ϭ͕ϱϴ ϰ Ϭ͕ϴϭ Ϭ͕ϲϮ
Ϯ Ϭ͕ϱϵ Ϭ͕ϰϮ Ϯ Ϭ͕ϱϳ Ϭ͕ϱϯ
Ϯ͕ϱ Ϭ͕ϲϮ Ϭ͕ϰϳ Ϯ͕ϱ Ϭ͕ϱϴ Ϭ͕ϱϰ
ϯ Ϭ͕ϲϯ Ϭ͕ϰϴ ϯ Ϭ͕ϲϯ Ϭ͕ϱϲ
ϯ͕ϱ Ϭ͕ϲϵ Ϭ͕ϱϭ ϯ͕ϱ Ϭ͕ϲϮ Ϭ͕ϱϰ
ϰ Ϭ͕ϳϬ Ϭ͕ϱϭ ϰ Ϭ͕ϲϯ Ϭ͕ϰϱ
WƌĞƐƐƵƌĞ
;ďĂƌͿ
^ĞůĞƚŝǀŝƚǇ
ϮϬ
й
Ws
&
ϭϬ
й
Ws
&
WƌĞƐƐƵƌĞ
;ďĂƌͿ
^ĞůĞƚŝǀŝƚǇ
ϮϬ
й
W
ϲϲ
ϭϬ
й
W
ϲϲ
dŚŝĐŬŶĞƐƐ;ђŵͿ dŚŝĐŬŶĞƐƐ;ђŵͿ
ϱϬ
ϱϮ
ϰϰ
ϰϮ



)LJXUH  6FDQQLQJ HOHFWURQ PLFURVFRS\ 6(0 FURVVVHFWLRQ RI 39') $ DQG 3$ %
PHPEUDQHV

&RQFOXVLRQ,QWHVWVFRQGXFWHGZLWK39')PHPEUDQHV3$DQGZHUHREVHUYHG
KLJKHUSHUPHDELOLW\IRUDOOJDVHVXVHGZKHQFRPSDUHGWR39')PHPEUDQHVWKHRUGHURI
DIILQLW\&+!1!&239')PHPEUDQHVFRPSDULQJZLWK3$  IRU VHOHFWLYLW\&21
DQG&2&+ WKH39')VKRZHGKLJKHUVHOHFWLYLW\DW ORZSUHVVXUHDQG WR3$ZDVREVHUYHG
WKDWLQFUHDVLQJRIWKHVHOHFWLYLW\ZDVSURSRUWLRQDOSUHVVXUHULVH

$FNQRZOHGJPHQWV7KHDXWKRUVWKDQNVWR8&6DQG8QLYLOOHIRUWKHFROODERUDWLRQDQGWR&13T
DQG&DSHVIRUWKHILQDQFLDOVXSSRUW

5HIHUHQFHV
>@ 3 %HUQDUGR ('ULROL **ROHPPH0HPEUDQH JDV VHSDUDWLRQ D UHYLHZVWDWH RI WKH DUW
$PHULFDQ&KHPLFDO6RFLHW\3XEOLVKHGRQZHE
>@075DYDQFKL7.DJKD]FKL$.DUJDUL$SSOLFDWLRQRIPHPEUDQHVHSDUDWLRQSURFHVVHV LQ
SHWURFKHPLFDOLQGXVWU\DUHYLHZ'HVDOLQDWLRQ
>@ /6 7HR &< &KHQ -) .XR 7KH JDV WUDQVSRUW SURSHUWLHV RI DPLQHFRQWDLQLQJ
SRO\XUHWKDQHDQGSRO\XUHWKDQHXUHDPHPEUDQHV-0HPE6FL
>@07RPDV]HZVND3UHSDUDWLRQDQGSURSHUWLHVRI IODWVKHHWPHPEUDQHVIURPSRO\YLQLOLGHQH
IOXRULGHIRUPHPEUDQHGLVWLOODWLRQ'HVDOLQDWLRQ
>@ )) 6WHQJDDUG 3UHSDUDWLRQ RI DV\PPHWULFPLFURILOWUDWLRQPHPEUDQHV DQG PRGLILFDWLRQ RI
WKHLUSURSHUWLHVE\FKHPLFDOWUHDWPHQW-0HPE6FL
>@6ROYD\7HFKQLFDO%XOOHWLQ6ROXWLRQSURFHVVLQJJXLGHIRUSRO\PHUPHPEUDQHV6HF
>@0,.RKDQ1\ORQ3ODVWLFV+DQGERRN1HZ<RUN+DQVHU*DUGQHU
1149 J. Duarte et al. /  Procedia Engineering  44 ( 2012 )  1146 – 1149 
>@ %UDQGUXS - ,PPHUJXW (+ 3RO\PHU+DQGERRN HG -KRQ:LOH\ DQG6RQV1HZ<RUN
86$
>@ ; -LDQJ - 'LQJ $ .XPDU 3RO\XUHWKDQHSRO\YLQLOLGHQH IOXRULGH 3839') WKLQ ILOP
FRPSRVLWHPHPEUDQHVIRUJDVVHSDUDWLRQ-0HPE6FL
>@33ROHWWR-'XDUWH0%7KUPHU9GRV6DQWRV0=HQL&KDUDFWHUL]DWLRQRI3RO\DPLGH
0HPEUDQHV3UHSDUHGE\3KDVH,QYHUVLRQ8VLQJ)RUPLF$FLGDQG+\GURFKORULF$FLG6XFKDV
6ROYHQWV0DWHULDOV5HVHDUFK
>@ 0 6DGHJKL 0$ 6HPVDU]DGHK 0 %DULNL % *KDOHL 7KH HIIHFW RI XUHWKDQH DQG XUHD
FRQWHQWRQWKHJDVSHUPHDWLRQSURSHUWLHVRISRO\XUHWKDQHXUHDPHPEUDQHV-0HPE
6FL
.H\ZRUGVSRO\PHULFPHPEUDQHVJDVVHSDUDWLRQLQYHUVLRQIDVHV


